1. Introduction {#s0005}
===============

The largest proportion (70%) of the older population globally resides in developing countries. Increased longevity globally implies that this proportion is set to increase in the near future ([@bb0030]). Injuries are a significant cause of hospitalization in the older population, often resulting in functional decline, reduced mobility and greater dependence ([@bb0205]). The older population has a number of characteristics that predispose them to injury. Physiological atrophy is associated with a reduction in muscle mass by 30% between the third and eight decades of life, which enhances the vulnerability to fall injuries ([@bb0155]). Loss of bone mineral density \[1% in men after age 50 years and 2--3% in women after menopause) increases the risk of fracture, along with decreased physical activity, dietary calcium deficiency and hormonal withdrawal in women ([@bb0155]).

Disabilities including decline in cognition, impaired vision, hearing and motor function ([@bb0190]; [@bb0055]; [@bb0245]; [@bb0255]), the use of multiple medications ([@bb0220]; [@bb0260]; [@bb0055]; [@bb0110]), presence of co-morbidities ([@bb0100]; [@bb0270]; [@bb0130]), frailty ([@bb0260]) living alone and single/divorced status ([@bb0015]), male sex ([@bb0075]), alcohol consumption ([@bb0075]) and unsafe environment ([@bb0260]; [@bb0110]; [@bb0230]) are other factors that may contribute to injuries in the older population. Majority of injuries appear to occur at home in this age group ([@bb0185]). Among all injuries, falls contribute a substantial proportion of injuries in this age group ([@bb0015]; [@bb0060]). Other types of injury that may occur in this population include traffic and travel related injury ([@bb0165]), burns ([@bb0240]), occupational injury for older adults still within the workforce ([@bb0090]) and suicidal intent ([@bb0125]).

Traffic related injury has already been studied in Ghana ([@bb0140], [@bb0145]; [@bb0005]; [@bb0120]). Injury patterns have also been studied in target populations such as pregnant women ([@bb0175]) and pediatric populations ([@bb0265]). However, recent studies on non-traffic related injury using nationally representative data is limited. Furthermore, interventions addressing non-traffic related injury can differ in some respects from traffic-related injury. There is a dearth of local evidence for selection of interventions addressing non-traffic related injury. The WHO Study on Global AGEing and adult health (SAGE) Wave 1 (2007--2010) estimated the self-reported prevalence of non-traffic related injury in adults aged 50 years and older in six low- and middle-income countries to be, South Africa (1.3%), Russian Federation (3.3%), Mexico (4.2%), China (5.1%), Ghana (5.7%) and India (9.1%) (Stewart [@bb0270]). The present study seeks to determine the prevalence of and risk factors associated with non-traffic related injuries in Ghana at a later period (2014--2015). This should inform injury prevention planning and other health care programs targeted towards the older population.

2. Materials and methods {#s0010}
========================

2.1. Data source {#s0015}
----------------

The study used data from the WHO Study on Global AGEing and adult health (SAGE).

Wave 2 which is a nationally representative survey conducted in Ghana through multistage cluster sampling strategies. The survey is a multi-country longitudinal study that collects data to complement existing ageing data sources to inform policy and programmes. WHO and the University of Ghana Medical School through Department of Community Health collaborated to implement SAGE Wave 2 in2014--2015. Detailed description of the methods used in the survey is published elsewhere ([@bb0050]).

2.2. Study population {#s0020}
---------------------

Individuals aged ≥50 years were interviewed regarding their chronic health conditions and health services coverage; subjective wellbeing and quality of life; health care utilization; risk factors and preventive health behaviors; perceived health status; socio-demographic and work history; social cohesion; and household characteristics. Similar information was collected on smaller sample of persons aged 18--49 years. In households identified as "older" for sampling purposes, all household members aged 50 years and older were invited to participate in the study. This study is based on older adults (i.e. ≥50 years). Further details about SAGE survey methods generally can be found through the WHO website (<http://www.who.int/healthinfo/sage/cohorts/en/>) including detailed information about SAGE Ghana Wave 2.

2.3. Outcome variable {#s0025}
---------------------

Our primary outcome of interest in this study was self-reported non-traffic related injury status (all injuries except road traffic accidents). It was based on the question, "In the last 12 months, have you had any other event where you suffered from bodily injury?". The response was then categorized as Yes or No. It was possible to distinguish non-traffic injury from traffic-related injury which was obtained by asking an earlier question: "In the last 12 months, have you been involved in a road traffic accident where you suffered from bodily injury?"

2.4. Explanatory variables {#s0030}
--------------------------

We consider risk factors such as age, ethnicity, marital status, sex, religion, health status report, household wall type, household source of drinking water, type of toilet facilities, household floor types, depression, and visual difficulty.

Age was categorized into groups (50--59; 60--69; 70--79; ≥80), ethnicity into five main groupings (Akan, Ewe, Ga-Adangbe, Guan, Northern dialects), and marital status (currently married; not currently married), sex (male; female), religion (some religion; no religion), health today status (good/very good; moderate; bad/very bad), difficulty with self-care (none; mild; moderate; severe/extreme), household wall type (durable material; non-durable material), household source of drinking water (piped; non-piped), type of toilet facilities (flush; non-flush), household floor (hard floor; earth floor), depression (none; mild; moderate; severe/extreme), and visual difficulty (none; mild; moderate; severe/extreme). These variables were considered based on factors that influence health outcomes, especially in developing countries like Ghana. Questions to ascertain past 12-month DSM-IV depression were based on the World Mental Health Survey version of the Composite International Diagnostic Interview.

2.5. Statistical analysis {#s0035}
-------------------------

Distribution of selected background characteristics of respondents were presented as frequencies with their associated percentages for qualitative variables. Association between cause of injury and sex was explored using Chi-Square test. We performed binary logistic regression analysis to examine factors at the individual, household, and community levels that might be associated with injury status and explored unobserved household level effects on the outcome. First, we applied a single level binary logistic regression models on 3461 individuals residing in 2827 households with complete measurements on injury status and potential risk factors considered to obtain a final multivariable model. We extended our final multivariable single level binary logistic regression model to multilevel binary logistic regression to allow for correlation of the outcome on individuals from the same households in the study. This is critical and warranted because of the hierarchical nature of the SAGE dataset with individuals nested within households. Not exploring the multilevel level analysis could lead to spurious statistical significance of the risk factors. Thus, the multilevel modelling approach ([@bb0070]) placed particular emphasis on household level differences in the risk of injury across households and the extent of nesting of injury among individuals within a household which cannot be achieved through the single level logistic regression model.

This process obtained model parameters using maximum likelihood and identity covariance structure to provide a good fit to the data in the random intercept multilevel logistic model. The single level multivariable model was compared to the multilevel model using likelihood ratio test while the variance inflation factor (VIF) was used to check multicollinearity. A VIF value below 10 was considered acceptable ([@bb0080]). All the analyses were performed using STATA Version 14 ([@bb0250]). To select candidate set of covariates for multivariable logistic regression, a *p*-value below 0.20 on a univariable logistic regression was used. *P*-value \< 0.05 was used to declare statistical significance.

2.6. Ethical requirements {#s0040}
-------------------------

SAGE was approved by the World Health Organization\'s Ethical Review Board (reference number RPC149) and the Ethical and Protocol Review Committee, College of Health Sciences, University of Ghana, Accra, Ghana. Written informed consent was obtained from all study respondents.

3. Results {#s0045}
==========

3.1. Sociodemographic characteristics {#s0050}
-------------------------------------

Out of the 3530 respondents residing in 2827 households, 132 (3.74%) had non-traffic related injury and majority (51%) of them had fall as the cause of the injury. Majority of the respondents were within the age group 50--59 years while 1698 (48.10%) of them belonged to the Akan ethnic group. Those who are currently married were in the majority (56.12%), among whom over half (58.58%) were females. In all, 96.77% of them followed some religion, 61.30% had durable material walls in their households, majority had non-piped source of drinking water and nearly 85% had non-flushed toilet facilities in their households. Overall, 60.87% of the older adults reported that their health state today was good/very good while 76.73% reported no difficulty with self-care. In addition, close to a third of respondents had no depression (64.48%), while 57.92% had visual difficulties. As indicated in [Table 1](#t0005){ref-type="table"}, most respondents resided in households with hard floor types.Table 1Sociodemographic characteristics of older adults in Ghana.Table 1CharacteristicsFrequencyPercentageNon-traffic related injuryNo339896.26Yes1323.74  Cause of injuryFall6751.15Struck/hit by person4232.06Others2216.79  Age50--59127536.1260--69109230.9370--7976521.6780 or more39811.27  EthnicityAkan169848.10Ewe2075.86Ga-adangbe44312.55Guan1424.02Northern dialect104029.46  Marital statusNot currently married154943.88Currently married198156.12  SexMale146241.42Female206858.58  Religious statusSome religion341696.77No religion1143.23  WallsDurable material215461.30Non-durable material136038.70  Drinking waterPiped source170248.45Non-piped source181151.55  Toilet facilitiesFlush toilets52815.05Non-flush toilets298184.95  Health state todayGood/very good214460.87Moderate102829.19Bad/very bad3509.94  Self-careNone270476.73Mild57316.26Moderate1945.51Severe/extreme531.50  DepressionNone227364.48Mild88925.22Moderate2908.23Severe/extreme732.07  Visual difficultyNone203357.92Mild76921.91Moderate54915.64Severe/extreme1594.53  FloorHard floor301585.97Earth floor49214.03[^1]

3.2. Univariable analyses {#s0055}
-------------------------

Risk factors significantly associated with injury status included ethnicity, sex, health state today, difficulty with self-care, household wall type and source of drinking water, depression status, and visual difficulty. However, age, marital status, religion, household toilet facility and floor types were not associated with injury status, as shown in [Table 2](#t0010){ref-type="table"}.Table 2Risk factors for injury among older adults in Ghana from single-level logistic models.Table 2CharacteristicsUnivariable binary logisticMultivariable binary logisticUOR (95% CI)P-valueAOR (95% CI)P-valueAge0.684 50--59ref 60--690.98 (0.65--1.49)0.938 70--790.74 (0.45--1.23)0.247 80 or more0.94 (0.52--1.69)0.836Ethnicity0.001[⁎⁎](#tf0010){ref-type="table-fn"} Akanrefref Ewe1.38 (0.67--2.85)0.3771.45 (0.7--3.02)0.315 Ga-Adangbe0.56 (0.26--1.19)0.130.56 (0.26--1.21)0.14 Guan0.22 (0.03--1.57)0.130.21 (0.03--1.58)0.13 Northern dialect1.86 (1.28--2.71)0.001[⁎⁎](#tf0010){ref-type="table-fn"}1.29 (0.84--1.98)0.247Marital status0.29 Not currently marriedref Currently married1.21 (0.85--1.73)0.29Sex0.017[⁎](#tf0005){ref-type="table-fn"} Malerefref Female0.65 (0.46--0.93)0.017[⁎](#tf0005){ref-type="table-fn"}0.66 (0.46--0.95)0.026[⁎](#tf0005){ref-type="table-fn"}Religion0.895 Some religionref No religion0.93 (0.34--2.57)0.895Health state today0.083 Good/very goodrefref Moderate0.62 (0.4--0.95)0.029[⁎](#tf0005){ref-type="table-fn"}0.59 (0.38--0.94)0.026[⁎](#tf0005){ref-type="table-fn"} Bad/very bad1.02 (0.58--1.79)0.9390.72 (0.37--1.42)0.347Difficulty with self-care0.002[⁎⁎](#tf0010){ref-type="table-fn"} Noneref Mild2.09 (1.4--3.12)\<0.001[⁎⁎⁎](#tf0015){ref-type="table-fn"}1.21 (0.72--2.02)0.47 Moderate1.34 (0.64--2.81)0.4370.82 (0.34--1.97)0.66 Severe/extreme2.55 (0.9--7.22)0.0792.84 (0.82--9.78)0.098Walls0.006[⁎⁎](#tf0010){ref-type="table-fn"} Durable materialrefref Non-durable material1.64 (1.16--2.32)0.006[⁎⁎](#tf0010){ref-type="table-fn"}1.45 (0.95--2.23)0.088Drinking water0.005[⁎⁎](#tf0010){ref-type="table-fn"} Piped sourcerefref Non-piped source1.68 (1.17--2.4)0.005[⁎⁎](#tf0010){ref-type="table-fn"}1.23 (0.81--1.86)0.331Toilet facilities0.478 Flush toiletsref Non-flush toilets1.21 (0.72--2.02)0.478Floor type0.163 Hard floorrefrefEarth floor1.38 (0.88--2.17)0.1630.76 (0.45--1.3)0.317Depression\<0.001[⁎⁎⁎](#tf0015){ref-type="table-fn"}NonerefrefMild2.04 (1.38--2.99)\<0.001[⁎⁎⁎](#tf0015){ref-type="table-fn"}1.58 (0.98--2.54)0.063Moderate2.5 (1.47--4.24)0.001[⁎⁎](#tf0010){ref-type="table-fn"}2.55 (1.38--4.71)0.003[⁎⁎](#tf0010){ref-type="table-fn"}Severe/extreme1.53 (0.47--4.99)0.4821.25 (0.26--6.08)0.785Visual difficulty0.008[⁎⁎](#tf0010){ref-type="table-fn"}NonerefrefMild1.96 (1.32--2.92)0.001[⁎⁎](#tf0010){ref-type="table-fn"}1.34 (0.83--2.16)0.234Moderate1.35 (0.82--2.22)0.2371.02 (0.58--1.79)0.94Severe/extreme0.83 (0.3--2.32)0.7290.62 (0.2--1.92)0.409[^2][^3][^4][^5]

3.3. Multivariable analyses {#s0060}
---------------------------

Risk factors independently associated with injury in the multivariable model included sex, health state, and depression. The significance of risk factors such as ethnicity, difficulty with self-care, household wall type and source of drinking water, and visual difficulty in the univariable analyses, however, disappeared in the multivariable analyses ([Table 2](#t0010){ref-type="table"}).

The odds of being injured decreased among females (OR = 0.66, 95% CI: 0.46, 0.95) compared to their male counterparts and those who rated their heath state as moderate (OR = 0.59, 95% CI: 0.38, 0.94) had decreased odds of injury compared to those who rated themselves as good/very good. The odds of injury were higher among those who had moderate depression (OR = 2.55, 95% CI: 1.38, 4.71) compared to those who had no depression.

3.4. Multilevel binary logistic model {#s0065}
-------------------------------------

We updated our single level multivariable model in [Table 2](#t0010){ref-type="table"} to two-level (multilevel) logistic regression model (additional file 1, [Table S1](#ec0005){ref-type="supplementary-material"}) where we accounted for the correlation of injury outcomes among individuals within households. We then compared the single level multivariable model to the multilevel logistic regression model using likelihood ratio test to determine which model provided a good fit to the data. The test revealed a Chi-square value of 1.10 and a *p*-value of 0.147, suggesting that the single level multivariable model provided a better fit to the data (additional file 1, [Table S1](#ec0005){ref-type="supplementary-material"}). Thus, our data did not support the use of multilevel logistic regression in this study, suggesting no significant residual household-level variation in injury outcomes was observed.

We have conducted a subgroup analysis that attempts to explore the most occurring type of non-traffic related injury (fall and non-fall injuries) by sex and depression among the older adults in the study and its statistical significance. There were 67 and 64 older adults who suffered fall and non-fall types of non-traffic related injuries respectively. Among those who suffered fall injuries, 43 (64.2%) of them were females. Thus, higher proportion of females suffered fall injuries compared to males, while higher proportion of males (67.2%) also suffered non-fall types of non-traffic related injury compared to females ([Table 3](#t0015){ref-type="table"}).Table 3Association between sex, depression and types of non-traffic injury among older adults.Table 3Type of non-traffic injuryVariablesFallNon-fallChi-square valueP-valueSex12.890.004[a](#tf0020){ref-type="table-fn"} Male2443 Female4321Depression0.956[b](#tf0025){ref-type="table-fn"} None3229 Mild2424 Moderate109 Severe/extreme12[^6][^7]

We investigated a possible association between sex, depression and type of non-traffic related injuries among the older adults using a Chi-Square test. Our result showed a significant association between sex and type of non-traffic related injuries (*p*-value \< 0.001). Depression is however not associated with type of non-traffic injury ([Table 3](#t0015){ref-type="table"}).

4. Discussion {#s0070}
=============

Overall, three factors (sex, health state and depression) demonstrated an independent effect on non-traffic related injuries among older adults in Ghana. The prevalence of non-traffic related injury was 3.74%. Fall type of non-traffic related injury was more in females (64.2%) while non-fall type of non-traffic related injury was more in males (67.2%). Injuries among the older population from an earlier study in Ghana reports a prevalence of 6.3% (55--64 years) and 10.4% (≥65 years). In that facility-based sample (*n* = 254), overall injury prevalence was 38%, of which 64.6% were non-traffic related injuries ([@bb0180]). This was relative higher than what pertained in our community-based level analysis, probably due to the use of a hospital-based sample. However, the values in our study compare with findings reported from community-based studies in South Africa (3%) ([@bb0020]), Tanzania (urban 2.5% and rural 4.3%) ([@bb0150]) and in South-West Nigeria (males 5% and females 2%) ([@bb0170]).

Various studies indicate that the relationship between sex and non-traffic related unintentional injury presents a mixed picture. In a study conducted in seven rural sub-districts in Bangladesh, males had more fatal and non-fatal injuries compared to females, for causes except burns ([@bb0010]). [@bb0215] estimated that the number of injuries in males was nearly double that in females in an injury surveillance system capturing data on nearly 20,000 patients ([@bb0215]). Similarly, [@bb0150] reported a higher risk among males compared to females in an epidemiological survey for injury in Tanzania and that male sex had the only independent effect for major injuries, most of which occurred in adults aged ≥45 years ([@bb0150]). These studies all suggest a male preponderance of reported injuries similar to another study by Olawale and Owoaje in a community-based study in South-West Nigeria (Olawale and Owoaje). These findings were in congruence with what was confirmed in this analysis where females had less odds of reporting an injury compared to males (OR = 0.66, 95% CI: 0.46, 0.95).

The influence of sex has been shown to be related to the type of injury. A study in the United States which investigated unintentional home injuries found that females experienced higher injury rates due to falls compared to males, but males had higher rates of other types of injury ([@bb0225]). This was consistent with findings from our sub-analysis, which demonstrated an association between sex and type of injury (Σ2 = 12.89, *p* \< 0.001). Similarly, an earlier WHO study of fall related injury among older adults in low- and middle-income countries confirms female sex as a risk factor ([@bb0270]). However, in Indonesia, fall related injuries in the past two years were higher among women compared to men ([@bb0200]). Another study of 21,596 primary care, Australian patients, aged 60 years and older found female sex to be independently associated with fall-related injury ([@bb0115]).

The self-reported health on the day of interview permitted three categories, namely 'very good/good', 'moderate' and 'bad/very bad'. Counter intuitively, respondents who reported their health status as 'moderate' had less odds of having an injury compared to those who reported better health. A potential explanation could be that older adults who reported moderate health might reduce their activity which reduced their exposure to injury. An older adult who already feels less healthy may be more inclined to apply caution in order to prevent further bodily harm. This finding certainly warrants further investigation.

Previous studies indicate that depression is associated with an increased risk of adverse outcomes in older adults including injuries ([@bb0270]; [@bb0135]). The prevalence of depression among non-institutionalized older populations has been reported to range between 13% and 23% in various countries ([@bb0025]; [@bb0035]; [@bb0085]; [@bb0195]). Depression is multifactorial in origin and is commonly found in women and people with comorbid conditions ([@bb0065]; [@bb0160]). There is also the possibility that those who were moderately depressed may have reported the symptom due to having sustained an injury. Having employed a cross sectional study design, the association between moderate depression and injury precludes any assumptions of causality. Therefore, moderate depression could have either preceded the injury or it could have been reported as a consequence of the injury.

Depression is common in old age and has been associated with cognitive and function impairment, disability, poorer outcomes from physical illness and death ([@bb0045]). In the study by Kerse and co-authors, depression was associated with multiple falls and fall-related injury ([@bb0115]). Among these patients, the odds of reporting a fall related injury among older adults with significant depression increased by 71%, compared to older adults without depression ([@bb0115]). The mechanism linking depression and injury not entirely understood, but abnormal gait and impaired balance, mediated through cognitive impairment and decline in psychomotor functions in depressed older adults are potential mechanisms in fall-related injury ([@bb0040]; [@bb0095]; [@bb0105]). Falls are a prevalent, but not the sole cause of injury in older adults ([@bb0210]). For instance, in Ghana fall-related injury represented 44.4% of all past year injuries reported in older adults aged 50 years or higher in a WHO study ([@bb0270]). In the present study, fall-related injury accounted for 51.1% (67/131) of all non-traffic related injuries in the sample. Therefore, these mechanisms might not necessarily account for all other types of non-traffic related injury experienced by the older adult. Other types of non-traffic related injury reported from an earlier study in Ghana include those related to agriculture, burns, assault and lacerations ([@bb0140], [@bb0145]). Excluding traffic- and fall-related injuries, the pattern of agriculture-related injury persisted among the elderly ([@bb0140], [@bb0145]).

Among studies reporting injury risk factors in the older population, Pellicer-Garcia and co-authors did not find a significant association between depression and fall-related injury, in spite of a high prevalence (83.6%) of fall-related injury in their sample population ([@bb0195]). In the present study, individuals rated as having moderate depression had more than twice the odds of reporting a non-traffic related injury compared to individuals rated as having no depression (OR = 2.55, 95% CI 1.38--4.71). The authors are unable to establish a causal association due to the cross-sectional study design, however the study indicates that addressing depression as part of the efforts to reduce non-traffic related injury in the older population might have a potential benefit.

The present study is limited in its ability to draw causal conclusions given the cross-sectional design of the study. However, the factors identified provide a basis for intervention to prevent non-traffic related injury in the relevant age group. The association with health status and mental health has important implications for policy on healthy ageing, which need not await ascertainment of causal associations as these clearly have benefits for human health. The sub-group analysis indicate interventions should focus on fall-related injury for females and non-fall related injury for males in the older population. However, the low number of injuries considered for the sub-group analysis, which can be expected in a survey of the general population, has its limitation. The use of a nationally representative sample further enhances the power of the study. The use of self-reported injury in the study has the potential to under- or over-estimate the prevalence of non-traffic related injury. However, a recent study indicated that 12-month self-reported survey data provides a good indication of injury compared to medical records, although in a military population ([@bb0140], [@bb0145][@bb0235]). We did not use the educational level of the individual because only 1765 (50%) of the respondent have measurements on this variable. However, we conducted a subgroup analysis on those with measurements on education and found no association between overall effect of education and non-traffic related injury (results not reported).

5. Conclusion {#s0075}
=============

In a nationally representative sample of older adults aged 50 years and higher surveyed in Ghana, sex, self-reported health status as moderate and depression were independent factors associated with non-traffic related injury. Depression was a risk factor, while female sex, a relative better self-rated health states were found to be protective. Previous studies support the protective effect of female sex. The role of depression as a risk factor suggests that interventions that aim to reduce non-traffic related injury in older adults should consider improving mental health.
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[^1]: Others: animal bite, fire, heat, stabbed, poisoning, etc.

[^2]: UOR: unadjusted odds ratio. AOR: adjusted odds ratio. CI: confidence interval. ref: reference category.

[^3]: *p* \< 0.05.

[^4]: *p* \< 0.01.

[^5]: *p* \< 0.001.

[^6]: Based on Pearson chi-square test.

[^7]: Based on Fisher\'s exact test.
